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Question 1 (50 points). Boadmap. Provide the products from each reaction in the box, The moleculat
formula of each product is provided for you. Cliee: a by-product in the reaction from box Bto C s

toluene (zhawn above boo C).
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Quegtion 2 (90 pomts}, Reactions. Draw the major product for gach of the following reactions.
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Question 3 (30 points). Aldol Reactiens

a) Show the products of the following aldol condensattons For each questlon first show one B-
hydroxy aldehyde in each of the two boxes, then show the (x,B-unsaturated product from dehydration in

the next boxes.
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b) How many different aldol condensatlon ptoducts (as B-hydroxy aldehydes) are possible from the
following mix of aldehydes, even if expected to be a mmor product? Cn'cle your answer.
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Aldol Reactions contituwed.
G} (20 points) The follewing molecule undergoes 4 el (or intramclecular) aldol condensation

Followed by elimination {or dehydration) when treated with catabytic E¥ON2 Show the miaranelecular
aldol proxduce afier dehydration,
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d) {10 points) What is the major aldol product formed umder the conditions indicated? You may
assumne that the ketone only roacts with benzaldehyde and not itself. reminder; LDA ~ LIN(CHCH:);
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Quertion 4 (35 pointa). Claisen Condensations, Show the four products from the following Claisen
comdenzation. Also. show a detailed mechanisny for the formation of one of the four producta.
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Question 5 (20 points). Brief Essay. Explain why an aldol reaction needs only catalytic amounts of
EtONa but a Claisen reaction (typically) requires a full equivalent. Your explanation must use specific
chemical structures and address the relative acid and base strengths of starting materials, intermediates
and products, Show structures and comment on the stabilities of the enolates involved, equilibrium in
the reactions and on mechanisms. However, the emphasis should be on relative acid/base strengtﬁgf and
équilibrium (show the equilibrium equations), but specific pKa’s are not necessary. To illustrate your
answer, use acetaldehyde for the aldol and ethyl acetate for the Claisen.
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Question 6 (20 points). Show how to synthesxze the follawng compound using either the malonic ester
synthesis or the acetoacetic ester synthesxs by provuimg the necessary reagents and condltlons
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Question 7 (15 points). Mechamsms When A is mzated w1th alummum trichloride, B is formed in
high yield. Propose a mechanism for this transﬁ)rmatlon :

A Y B
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Cuestion 8. NME.

a) 5 points. A student was asked to make a Grignard reagent from parw-bivmotoluene and then treat
this with cthylenc cxide. When the student was almost finished, he noticed that there were two bottles
of starting material, cme labeled mets and the other labcled pera, However, he dido't know which
bottle he had used! The student searted to panic, but you told him not to worry because you could help.

After looking at the NMR of his reaggon product (shown below} da you think he used the conragt bonde
of pava startimg material? YES a@
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NME. Continued.

b) 15 points. Cotpound I, O H: 4Oy, ie ingoluble in water, agueous acid, and aqueous NaHCO; but
disaolves readity in 10% MNa;C0y and L0P4 Nat3H, Wheo these alkalime wolutions are acidified wich
108 HE1, compend T 39 tecoverad unchanged. Given this information and its "H-NMR spectrum,

deduge the stogetyre of compound T and drow your semeeraee in the box at the botom of this page.
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Cuestion 9 (30 points). Electrophilic aromatic substitution reactivng, Draw the major product exproted
from each of the following reactions. For each nitration reaction, add ¢anly one sitre group o the
aroraafic ring.

a O i

COsH I

w * HNQg, Ha30y,
—

s r G

LHz NI L
b}

CHE HMﬂj, HESD_Q

CHy

N
OI-

)
0
cl‘J'L‘cHa
——r—rr——i-
AICIy o
d)

©H; FaBiy
ST
-
&} Two Mroducts

if‘*'vo o ! oA

Page 14



NAME: Final/610B/Pagenkopf

Question 10 (40 points). Synthesis. DEET, N,N-diethyl-m-toluamide, is the active ingredient in
several common insect repellents. Propose a synthesis of DEET from benzene. There are numerous
viable synthetic routes to DEET and it may help to think about the problem retrosynthetically. For
example, if the last transformation(s) you propose is preparation of the amide from another carboxylic
acid derivative, then the problem may simplify considerably. With two functional groups that we know
how to attach to benzene, all we need to do is select a sequence that ensures their meta relationship.

o
? .
—
CHs v.

- Pagels

l End of exam! Have a great summer and eood best wishes for vour future! |






